Ipsilateral and Contralateral Torque Responses to Bilateral and Unilateral Maximal, Fatiguing, Isokinetic Leg Extensions by Neltner, Tyler J. et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Nutrition and Health Sciences -- Faculty 
Publications Nutrition and Health Sciences, Department of 
2020 
Ipsilateral and Contralateral Torque Responses to Bilateral and 
Unilateral Maximal, Fatiguing, Isokinetic Leg Extensions 
Tyler J. Neltner 
John Paul V. Anders 
Joshua L. Keller 
Robert W. Smith 
Terry J. Housh 
See next page for additional authors 
Follow this and additional works at: https://digitalcommons.unl.edu/nutritionfacpub 
 Part of the Human and Clinical Nutrition Commons, Molecular, Genetic, and Biochemical Nutrition 
Commons, and the Other Nutrition Commons 
This Article is brought to you for free and open access by the Nutrition and Health Sciences, Department of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Nutrition and Health 
Sciences -- Faculty Publications by an authorized administrator of DigitalCommons@University of Nebraska - 
Lincoln. 
Authors 
Tyler J. Neltner, John Paul V. Anders, Joshua L. Keller, Robert W. Smith, Terry J. Housh, Richard J. 
Schmidt, and Glen O. Johnson 
Ipsilateral and Contralateral Torque Responses to Bilateral and Unilateral Maximal, Fatiguing, 
Isokinetic Leg Extensions
Tyler J. Neltner1*, John Paul V. Anders1,  Joshua L. Keller2, Robert W. Smith1, Terry J. Housh1, Richard J. Schmidt1, Glen O. Johnson1
1Department of Nutrition and Human Sciences, University of Nebraska- Lincoln, 1700 N 35th St, Lincoln, NE, 68503 USA 
2Department of Health, Kinesiology and Sport, University of South Alabama , 171 Student Services Dr, Mobile, AL, 36688 USA
*Corresponding Author: Tyler J. Neltner, E-mail: tneltner2@huskers.unl.edu
ABSTRACT
Background: Few studies have compared performance fatigability (PF) for bilateral versus 
unilateral isokinetic tasks. Objectives: The purpose of this study was to examine: Mode-
specific testing responses to isokinetic fatigue, differences in PF between bilateral and 
unilateral leg extensions, and the effects of fatiguing, unilateral, dynamic leg extensions on 
contralateral isokinetic peak torque (PT) and maximal voluntary isometric contraction (MVIC). 
Methods: Eight men (mean ± SD: age= 22.5 ± 2.5 yr.) completed pre- and post-testing for PT 
and MVIC following 50 bilateral, unilateral right or left leg maximal, isokinetic leg extensions 
at 180°·s-1, on three separate days. Fatigue-induced decreases in PT and MVIC were used to 
quantify PF. The data were analyzed with a 4-way repeated measures ANOVA, follow up, and 
post-hoc analyses. Results: The results indicated that there were no differences (p > 0.05) in PF 
for the bilateral versus unilateral fatiguing tasks, decreases in PT (p < 0.001 - 0.016; d = 0.54 - 
2.58) and MVIC (p < 0.001 - 0.006; η2p = 0.682 - 0.962) for the exercised legs during unilateral 
fatigue, and a contralateral increase (p = 0.007) in PT following the right leg fatiguing task. 
Conclusion: The results indicated that PT was more sensitive to fatiguing isokinetic tasks than 
was MVIC. In addition, there was a facilitation of PT in the contralateral leg following unilateral 
right leg fatigue. The differences in PT and MVIC testing may be attributable to the timing and/
or relative contributions of peripheral and central fatigue.
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INTRODUCTION
Fatigue can be described as “… an exercise-induced de-
cline in maximal voluntary muscle force” (Gandevia, 2001, 
p. 1725). According to Kluger et al., (2013), however, fatigue 
includes both performance fatigability (PF) and perceived fa-
tigability. PF involves the decline in an objective measure of 
performance over a discrete period of time, while perceived 
fatigability includes changes in sensation that regulate per-
formance (Enoka & Duchateau, 2016; Marrelli et al., 2018). 
Enoka and Duchateau (2016) recommended that studies of 
PF focus on outcome variables that “impact real-world per-
formance” (p. 2228) such as the time to task failure and time 
to task completion, as well as fatigue-induced changes in 
peak torque (PT), maximal voluntary isometric contraction 
(MVIC) force, power production, voluntary activation, reac-
tion time, ratings of perceived exertion, heart rate, mean ar-
terial pressure, and core temperature. Recent studies (Anders 
et al., 2020b; Keller et al., 2020; Neyroud et al., 2016) have 
used fatigue-induced changes in MVIC to operationally de-
fine the global force production aspect of PF, while the con-
tributions of central and peripheral mechanisms to PF have 
been examined using voluntary activation from the twitch 
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interpolation technique (Ansdell et al., 2019) and involun-
tary evoked peak twitch amplitude (Thomas et al., 2018), 
respectively. Although central and peripheral mechanisms of 
fatigue overlap via the effects of the buildup of metabolic 
byproducts on processes distal to the neuromuscular junc-
tion, as well as type III/IV afferent feedback to reduce corti-
cal drive to the muscle (Enoka & Duchateau, 2016; Weavil 
& Amann, 2019), decreases in MVIC can reflect either or 
both mechanisms depending upon the intensity of the con-
traction (Enoka & Duchateau, 2016, p. 2229). Furthermore, 
Brownstein et al., (2020) questioned the “ecological validi-
ty” (p.2) of the use of evoked isometric measures to quan-
tify PF as the result of fatiguing dynamic tasks, as most all 
sport and exercise is performed under dynamic conditions, 
generating different systemic and local responses to fatigue. 
Recently, Anders et al., (2020) quantified PF from decreas-
es in isokinetic peak torque following fatiguing isokinetic 
tasks, but differences in the sensitivity of PF from decreases 
in PT versus MVIC measures following a fatiguing isokinet-
ic task has not been compared.
Previous studies (Anders et al., 2020b; Matkowski et al., 
2011; Rossman et al., 2012, 2014) have reported greater 
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PF for unilateral than bilateral muscle actions. It has been 
 suggested that the greater PF during unilateral muscle ac-
tions is attributable to the smaller amount of engaged muscle 
mass, less stress on other physiological systems such as the 
cardiovascular and respiratory systems, and less group III/IV 
afferent feedback (Hureau et al., 2018; Rossman et al., 2012, 
2014; Thomas et al., 2018). Group III afferents are sensitive 
to a muscle stretching, while group IV afferents are sensitive 
to intramuscular metabolites and metabolic changes within 
the muscle, indicative of peripheral fatigue (Hureau et al., 
2018). Together, group III/IV afferents work to limit mus-
cle fatigue by modulating peripheral fatigue (Hureau et al., 
2018). Typically, when peripheral fatigue becomes intolera-
ble, the task is terminated (open-ended) or force is reduced 
to continue exercise (closed-ended). While unilateral mus-
cle actions result in a localized source of group III/IV affer-
ent feedback, bilateral muscle actions are associated with a 
greater magnitude of engaged muscle mass, and therefore, 
more group III/IV afferent feedback (Hureau et al., 2018; 
Thomas et al., 2018). Thus, compared to unilateral muscle 
actions, bilateral muscle actions are characterized by greater 
threat to overall physiological homeostasis via group III/IV 
afferents, which typically results in less time to task failure 
or completion, and PF (Hureau et al., 2018; Thomas et al., 
2018). 
Most studies that have examined the effects of unilat-
eral fatigue on the contralateral, non-exercised limb have 
utilized isometric tasks and reported decreases or no chang-
es in contralateral MVIC. In contrast, Strang et al., (2009) 
and Kawamoto et al., (2014) utilized fatiguing, dynamic, 
unilateral leg extension tasks and reported increases and de-
creases in contralateral MVIC, respectively. Thus, previous 
studies of isometric and dynamic tasks have reported mixed 
findings for contralateral MVIC, and no previous studies 
have examined the effects of unilateral dynamic fatigue of 
the leg extensors on dynamic contralateral force produc-
tion. Therefore, the purpose of this study was to examine: 
1) Mode-specific testing responses to isokinetic fatigue; 2) 
differences in PF between bilateral and unilateral leg exten-
sions; and 3) the effects of fatiguing, unilateral, dynamic leg 
extensions on contralateral leg extension isokinetic PT and 
MVIC. Based on previous findings, it was hypothesized that 
there would be similar decreases in PT and MVIC follow-
ing bilateral, as well as, unilateral muscle actions (Byrne 
et al., 2001; Camic, 2011; Hill et al., 2016), that unilateral 
muscle actions would result in greater decreases in PT and 
MVIC than bilateral muscle actions (Anders et al., 2020b; 
Matkowski et al., 2011; Rossman et al., 2012, 2014) and that 
fatiguing, maximal, unilateral leg extensions would decrease 
contralateral PT and MVIC.
MATERIALS AND METHODS
Participants and Design of Study
Eight men (mean ± SD: age = 22.5 ± 2.5 years; body 
mass = 86.6 ± 6.1 kg; height = 186.1 ± 4.8 cm) volunteered 
to participate in this study utilizing a Quasi-Experimental 
design. A priori power analysis was conducted using 
G*Power3 (Faul et al., 2007) and determined a minimum 
of 6 subjects were required to demonstrate mean differenc-
es between two dependent groups using repeated measures 
ANOVAs, an effect size of η2p = 0.594 (Anders et al., 2020a), 
a power of 0.95, and an alpha of 0.05. To be included in this 
study, all subjects were required to be recreationally trained 
and participated in resistance and/or aerobic training at least 
three days per week (Riebe et al., 2018). Subjects were ex-
cluded from the study if they had a previous knee or ankle 
pathologies within the last six months that would potentially 
affect their performance. The dependent variables measured 
in this study are PT and MVIC. The study was approved 
by the University Institutional Review Board for Human 
Subjects (#20191019755FB), and all subjects signed a writ-
ten Informed Consent document and completed a Health 
History Questionnaire prior to participation in the study. 
Protocol
The subjects visited the laboratory on four separate occa-
sions. The first visit was an orientation to become familiar 
with the equipment and testing procedures. For the orien-
tation and testing sessions, the subjects were positioned ac-
cording to the Cybex 6000 owner’s manual (Cybex, Division 
of Lumex, Inc., Ronkonkoma, NY, USA) with a strap over 
the shoulder and across the chest for stability. The lever arm 
of the dynamometer was aligned with the axis of rotation of 
the knee joint (Figure 1). The dynamometer orientation was 
fixed at 90° with a tilt of 0° and a seatback tilt of 85°. During 
the orientation session, subjects practiced submaximal and 
maximal, bilateral, and unilateral, isometric, and isokinet-
ic leg extensions. During each of the three testing visits, 
the subjects warmed up by performing 5 submaximal (ap-
proximately 50% of maximum) isokinetic leg extensions at 
180°s-1 on a calibrated Cybex 6000 dynamometer. Subjects 
then performed pre-testing that included two maximal bi-
lateral, unilateral right leg, and unilateral left leg isokinetic 
leg extensions at 180°s-1 to determine PT values, as well as 
two, 6 s bilateral, unilateral right leg, and unilateral left leg 
maximum voluntary isometric contractions at a knee joint 
angle of 135° (180° corresponding to full extension). The 
Figure 1. Subject setup on the Cybex 6000 isokinetic 
dynamometer
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isometric angle was chosen to be consistent with  previous 
studies (Anders et al., 2019, 2020b) and corresponds to 
the middle of the range of motion (Babault et al., 2006). 
The entire testing order was randomized for every subject 
for each test visit. The subjects were given 5 seconds rest 
between repetitions of the same test, and the next test was 
started as quickly as possible upon completion of the prior 
test. The subjects were given at least 48 hours between each 
visit. After pre-testing, subjects performed 50 consecutive 
maximal, bilateral, unilateral right leg, or unilateral left leg 
(randomly ordered) isokinetic leg extensions at 180°s-1 on 
separate days. The selected speed of 180°·s-1 was utilized 
to assess strength at a moderate velocity, as the effects of 
fatigue have been previously examined using a slow velocity 
(60°·s-1) protocol (Anders et al., 2020a). Subjects received 
strong verbal encouragement throughout all testing and fa-
tiguing workbouts. Immediately following the 50 repetitions 
on each testing visit, subjects completed post-testing for bi-
lateral and unilateral PT and MVIC that was identical to the 
pre-testing protocol. PT and MVIC were determined using 
the highest value from the two repetitions of each test.
Statistical Analysis
Reliability analyses for the bilateral, unilateral right leg, and 
unilateral left leg, PT and MVIC values were performed using 
the pre-testing values from the three testing visits, regardless 
of the order the fatiguing tasks were performed (Visit 1 vs 
Visit 2 vs Visit 3). The reliability analyses included repeated 
measures ANOVAs to assess systematic error, as well as cal-
culation of intraclass correlations (ICCs), 95% confidence in-
tervals (ICC95%), and standard error of measurement (SEMs) 
using the 2,k model (Weir, 2005). A 2 (Mode: PT, MVIC) x 2 
(Time: pre-testing, post-testing) x 3 (Fatiguing Task: bilateral, 
unilateral right leg, unilateral left leg) x 3 (Testing Condition: 
bilateral, unilateral right leg, unilateral left leg) repeated mea-
sures ANOVA was used to analyze the torque values. Two 
separate (one each for PT and MVIC) follow-up 2 (Time: 
pre-testing, post-testing) x 3 (Fatiguing Task: bilateral, uni-
lateral right leg, unilateral left leg) x 3 (Testing Condition: bi-
lateral, unilateral right leg, unilateral left leg) ANOVAs were 
planned to be used pending a significant interaction. Further 
follow-up repeated measures ANOVAs and post-hoc compar-
isons were performed, as necessary. Measures of effect size 
for ANOVAs and pairwise comparisons were assessed with 
partial eta squared and Cohen’s d, respectively. All statistical 
analyses were performed using IBM SPSS v. 25 (Armonk, 
NY, USA). An alpha of p < 0.05 was considered statistically 
significant for all comparisons. 
RESULTS
The results of the reliability analyses are presented in 
Table 2. Tables 3-8 present the bilateral, unilateral right leg, 
and unilateral left leg, PT and MVIC values for each subject 
for each fatiguing task. Pre-testing trials were pooled togeth-
er for calculation of ICC and SEM. 
The repeated measures ANOVA indicated a significant 
four-way interaction (Mode x Time x Fatiguing Task x 
Testing Condition; p < 0.05, η2p = 0.373 - 0.613) that was de-
composed by Mode using separate three-way repeated mea-
sures ANOVAs (Time x Fatiguing Task x Testing Condition) 
for the PT and MVIC values. For PT, there was a significant 
three-way interaction (p = 0.014, η2p =0.403) that was decom-
posed by Fatiguing Task using separate two-way repeated 
measures ANOVAs (Time x Testing Condition) for the bi-
lateral, unilateral right leg, and unilateral left leg fatiguing 
tasks. For the bilateral fatiguing task, there was no significant 
two-way interaction, but significant main effects for Time 
(p = 0.003, η2p = 0.745) and Testing Condition (p < 0.001, 
η2p = 0.923). For Time, the Bonferroni corrected pairwise 
Table 1. Subject characteristics 
Subject Age Height (cm) Weight (kg) BMI
1 25 177.8 78.0 24.7
2 25 188.0 96.2 27.2
3 23 188.0 93.0 26.3
4 22 182.9 79.4 23.7
5 19 190.5 87.5 24.1
6 22 182.9 86.2 25.8
7 19 193.0 86.2 23.1
8 25 185.4 86.2 25.1
Avg 22.5 186.1 86.6 25.0
SD 2.51 4.85 6.09 1.38
Table 2. Reliability data for PT and MVIC values for the three testing visits
 p ICC ICC 95 % MSE SEM Grand mean
Peak Torque       
Bilateral 0.125 0.823 .543-.957 610.881 24.716 317.21
Right 0.061 0.853 .588-.966 157.792 12.562 188.29
Left 0.387 0.586 .174-.884 644.97 25.396 177.5
MVIC       
Bilateral 0.183 0.486 .079-.843 2674.875 51.719 406.54
Right 0.972 0.739 .364-935 837.268 28.936 244.88
Left 0.578 0.704 .327-.824 897.97 29.966 221.58
PT = peak torque, MVIC = maximum voluntary isometric contraction, p value = significance for ANOVA that examined systematic error, 
ICC = Intraclass correlation coefficient, ICC95% = 95% confidence interval for ICC, MSE = Mean square error, SEM = Standard error of 
measurement
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comparisons indicated pre-testing (236 ± 44 N·m) was great-
er than post-testing (213 ± 39 N·m; p = 0.003, d = 0.54; col-
lapsed across Testing Condition). There was no difference 
(p > 0.05) between unilateral right leg and unilateral left leg 
torque for the bilateral fatiguing task collapsed across time. 
For the unilateral right leg fatiguing task, there was a sig-
nificant two-way interaction (Time x Testing Condition; p 
= 0.21, η2p = 0.542), which was followed up with separate 
paired t-tests by Testing Condition. The paired t-tests for the 
bilateral test indicated pre-testing (320 ± 59 N·m) was greater 
than post-testing (257 ± 82 N·m; p = 0.016, d = 0.87). For the 
unilateral right leg test, pre-testing (187 ± 39 N·m) was great-
er (p = 0.001, d = 0.70) than post-testing (159 ± 41 N·m). 
For the unilateral left leg test, post-testing (173 ± 32 N·m) 
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was greater than pre-testing (167 ± 34 N·m; p = 0.007, d 
=0.17). For the unilateral left leg fatiguing task, there was no 
significant two-way interaction (p = 0.068), but a significant 
main effect for Testing Condition (p < 0.001, η2p = 0.893), 
collapsed across Time. There was no difference (p > 0.05) 
between unilateral right leg and unilateral left leg torque col-
lapsed across time for the unilateral left leg fatiguing task.
For the MVIC values, there were no significant three-way 
(p = .160, η2p = 0.222) or two way (p > 0.05) interactions, 
but there were significant main effects for Time (p = 0.006, 
η2p = 0.682) and Testing Condition (p < 0.001, η
2
p = 0.962). 
Follow-up Bonferroni corrected pairwise comparisons indi-
cated pre-testing (291 ± 50 N·m) was greater than post-test-
ing (264 ± 52 N·m; p = 0.006, d = 0.52), collapsed across 
Fatiguing Task and Testing Condition.
DISCUSSION
The results of the test-retest reliability analyses indicated 
moderate/fair to good/excellent reliability for five of the 
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six PT and MVIC testing conditions (Cicchetti & Sparrow, 
1981; Koo & Li, 2016). The bilateral MVIC measures exhib-
ited an ICC of 0.486 which is considered fair or poor based 
on the classification descriptors of Cicchetti and Sparrow, 
(1981) and Koo and Li, (2016), respectively (Table 2). The 
ICCs ranged from 0.486 to 0.853 with no systematic error 
for any of the testing conditions (p > 0.05). These findings 
were consistent with previous studies (Jenkins et al., 2014; 
Ruschel et al., 2015; Sleivert & Wenger, 1994) that have re-
ported test-retest ICCs for isometric and isokinetic leg exten-
sions that ranged from 0.64 to 0.94.
The current findings indicated that PT was more sensitive 
to decreases in torque as a result of the fatiguing isokinetic 
tasks than was MVIC. Specifically, PT assessments identified 
differences in the fatigue-induced decreases in unilateral and 
bilateral torque among the three modes of fatiguing tasks, as 
well as the contralateral facilitation in torque following the 
unilateral right leg fatiguing task, while MVIC assessments 
did not. For PT, the bilateral and unilateral right leg fatigu-
ing tasks resulted in significant PF of the exercising leg (de-
creases of approximately 12 and 15%, respectively), while 
the unilateral left leg PF was non-significant (decrease of 
approximately 14%). For MVIC, however, the bilateral, uni-
lateral right leg, and unilateral left leg fatiguing tasks resulted 
in non-significant PF in the exercising legs (decreases of ap-
proximately 14, 10, and 18%, respectively.) Previous studies 
(Byrne et al., 2001; Camic, 2011; Hill et al., 2016; Thompson 
et al., 2015) have reported conflicting evidence for quantify-
ing PF from the PT and MVIC responses to various modes of 
fatiguing tasks. For example, Thompson et al., (2015) found 
that following a fatiguing, intermittent, isometric task, con-
centric PT recovered to the pre-fatigued level more quickly 
than did MVIC. Previous investigations, however, reported 
similar magnitudes of PF as assessed by decreases in PT and 
MVIC following fatiguing maximal and submaximal isomet-
ric (Camic, 2011), concentric isokinetic (Camic, 2011; Hill 
et al., 2016), and eccentric isokinetic (Byrne et al., 2001) 
fatiguing tasks. Perhaps, the mode-specific differences for 
testing in the present study were due to the timing and/or 
relative contributions of peripheral and central fatigue to the 
decreases in torque as assessed by PT versus MVIC (Babault 
et al., 2006). For example, Babault et al., (2006) reported that 
the early phase of a fatiguing isokinetic task was character-
ized primarily by peripheral fatigue, while central fatigue 
increased in prominence later in the task, and the opposite 
pattern was true for a fatiguing isometric task. 
The bilateral fatiguing task resulted in 3-12% decreas-
es in bilateral, unilateral right leg, and unilateral left leg 
torque (Table 3). Furthermore, the unilateral right and left 
leg fatiguing tasks resulted in a 3% to 20% decrease in bi-
lateral torque, 15% decrease in unilateral right leg torque, 
and 13% decrease in unilateral left leg torque, respectively 
(Table 4 & 5). These findings were consistent with previous 
studies (Anders et al., 2020b; Keller et al., 2020; Matkowski 
et al., 2011) that have reported approximately 20 to 42% de-
creases in PT and/or MVIC following unilateral, isokinetic 
and isometric fatiguing tasks. The unilateral right and left leg 
fatiguing tasks, however, resulted in 4% and 5% increases in 
torque for the contralateral, non-exercised leg, respectively. 
These findings were not consistent with studies that report-
ed decreases (Martin & Rattey, 2007; Rattey et al., 2006) 
or no change (Regueme et al., 2007; Todd et al., 2003) in 
torque in the non-exercised leg following sustained unilateral 
isometric leg extensions. The decrease in torque in the con-
tralateral, non-exercised leg following fatiguing, isometric 
muscle actions has been attributed to a “cross-over” inhib-
itory phenomenon (Aboodarda et al., 2015). Theoretically, 
group III/IV afferent fibers sense fatigue-induced metabolic 
perturbations within the working muscles which leads to cen-
tral fatigue, limited cortical drive to the contralateral leg, and 
decreased torque without peripheral fatigue (Amann et al., 
2013). In the present study, however, torque production in the 
contralateral, non-exercised leg was facilitated, not compro-
mised, following dynamic fatigue. The limited studies that 
have examined the effects of unilateral, dynamic fatigue on 
muscle strength in the contralateral limb have reported mixed 
findings. Kawamoto et al., (2014) reported approximately 
4-7% decreases in MVIC force following 4 sets of dynamic 
constant external resistance leg extensions to task failure at 
loads equal to 40% and 70% of max. Strang et al., (2009, 
p. 249), however, reported a 13.4% increase in the “total 
work” performed during a 5s MVIC for the contralateral leg 
extensors following 7 sets of 20 repetitions of leg extensions 
on an isokinetic dynamometer at a speed of 110 d/s. Studies 
(Hess et al., 1986; Hortobágyi et al., 2011; Muellbacher 
et al., 2000; Stedman et al., 1998) of motor evoked potentials 
(MEP) have suggested that fatiguing, high intensity, unilat-
eral muscle actions may be associated with “cross facilita-
tion” (Aboodarda et al., 2015, p. 2) which leads to increases 
in cortical drive to the contralateral, non-exercised limb. 
The mechanism underlying cross facilitation may originate 
upstream from the motor cortex or include interhemispheric 
facilitation and/or reductions in interhemispheric inhibition at 
the level of the motor cortex (Aboodarda et al., 2015). It has 
been hypothesized that the enhanced cortical drive from cross 
facilitation may act to compensate for decreased spinal mo-
tor neuron excitability assessed via cervicomedullary motor 
evoked potentials (CMEP). Aboodarda et al., (2015) report-
ed an increase in the MEP/CMEP ratio in the contralateral, 
non-exercised limb following a fatiguing, unilateral task at 
100% MVIC which may have been responsible for the lack of 
post-intervention change in MVIC in the non-exercised limb. 
In addition, Takahashi et al., (2011) reported a facilitation of 
MEPs in the contralateral limb immediately following unilat-
eral fatigue. Thus, contralateral fatigue is likely mediated, in 
part, by the relationship between the magnitude of enhanced 
cortical drive due to cross-over facilitation versus the reduc-
tion in spinal motor neuron excitability. It is possible that the 
contralateral facilitation in PT following the isokinetic fa-
tiguing task in the present study was due to enhancement of 
cortical drive and/or limited reduction in spinal motor neuron 
excitability. Future studies are needed to examine the con-
tralateral MEP/CMEP ratio following unilateral, dynamic 
fatiguing tasks.
An alternate hypothesis to explain the cross-over facilita-
tion in torque in the non-exercised leg in the present study is 
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that of a post-activation potentiation (PAP) effect in the contra-
lateral muscles caused by the approximately 10% of descend-
ing anterolateral corticospinal neurons that fail to decussate, 
but rather cause activation of the ipsilateral muscles (Phillips 
& Porter, 1964; Purves et al., 2011). It has been suggested that 
post-activation potentiation occurs due to both, peripheral and 
central mechanisms (Andrews et al., 2016). Reportedly, the pe-
ripheral mechanisms of post-activation potentiation suggests 
that the contraction of a muscle induces myosin regulatory light 
chain phosphorylation via an increase in calcium concentration 
and subsequent binding of the calcium-calmodulin complex to 
myosin light chain kinase, which increases the rate of cross-
bridge attachment (Rassier & MacIntosh, 2000). Furthermore, 
previous studies have reported contralateral muscle activity 
during unilateral exercise (Di Lazzaro et al., 1999; Farthing et 
al., 2005; Houston et al., 1983; Zijdewind & Kernell, 2001). 
Therefore, it is possible that the activation of the contralateral, 
homologous muscles during unilateral muscle actions, could 
have resulted in enough calcium release to stimulate myosin 
light chain phosphorylation, subsequently increasing torque 
production. Future research should include testing the contra-
lateral limb using the potentiated twitch amplitude technique to 
examine the peripheral aspects of post-activation potentiation. 
Additionally, the central mechanisms involve reduced mono-
synaptic transmission failure via enhanced efficacy of the neu-
rotransmitter, an increase in quantity of the neurotransmitter, 
or a reduction in axonal branch-point failure along the afferent 
neural fibers, leading to an increase in force production (Tillin 
& Bishop, 2009). In the present study, it is possible that the 
torque increases in the contralateral, non-exercised limb result-
ed from one, or a combination of, these central mechanisms 
leading to reduced monosynaptic transmission failure. Testing 
this hypothesis requires additional research, perhaps involving 
the use of the interpolated twitch technique on the contralat-
eral, non-exercised limb to quantify cortical drive. Thus, it is 
possible that repeated unilateral muscle actions in the present 
study caused a post-activation potentiation effect in the contra-
lateral limb due to peripheral and/or central mechanisms that 
resulted in the increase in torque. 
The results of this study suggest that the fatigue-response 
to isokinetic muscle actions is specific to the conditions un-
der which one is being tested (isokinetic versus isometric), 
therefore indicating a need to train in the same conditions in 
which you perform in order to improve upon fatigue resis-
tance. In addition, unilateral muscle actions can be used in 
the absence of bilateral muscle actions to achieve a similar 
degree of PF. The results of this study suggest that unilat-
eral muscle actions may result in a PAP in the contralateral 
limb. Subsequently, one could attempt to increase unilateral 
strength acutely by performing contralateral muscle actions 
of the same motion.
Limitations of the present study included the assessment 
of male subjects only which did not allow for sex compari-
sons of the effects of the fatiguing tasks. In the present study, 
the torque values for the right and left leg during bilateral 
testing were measured simultaneously, rather than assessing 
the individual contributions of each leg during the bilateral 
task. Furthermore, the isokinetic testing was performed at 
only one velocity, therefore, it remains unclear whether sim-
ilar responses would be found at slower or faster velocities. 
CONCLUSION
The present study aimed to investigate the differences be-
tween bilateral and unilateral fatiguing tasks on post-exer-
cise torque production. The results of this study indicated 
mode-specific testing responses to fatiguing isokinetic tasks. 
Decreases in PT were more sensitive to fatiguing isokinetic 
tasks than was MVIC. Another mode-specific response in 
this study was the facilitation of PT, but not MVIC, in the 
contralateral non-exercised leg following unilateral muscle 
actions. The differences in PT and MVIC testing may be at-
tributable to the timing and/or relative contributions of pe-
ripheral and central fatigue. In the current study there were 
no differences in performance fatigability between bilateral 
and unilateral muscle actions. Future research is needed to 
compare the contributions of central and peripheral fatigue 
during PT and MVIC testing.
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